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Sunday, March 6, 2011 81aaction of Epac on the global [Ca2þ]i transient, Epac induced marked increase
of [Ca2þ]n. These effects were abolished by knocking down Epac1 expression
(adenovirus ShEpac1 infection), indicating that the 8-p-CPT effects involved
Epac1 activation. Moreover, the Epac-dependent effects on Ca2þ handling
were prevented by the calmodulin kinase type II inhibitor, KN93, and the ino-
sitol triphosphate receptor blocker, 2APB. We conclude that Epac effects on
Ca2þ handling are compartmentalized.
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Isoflurane IncreasesMitochondrial Free Ca2þ by Enhancing Transport via
the Ca2þ Uniporter Independent of DJm
Bhawana Agarwal1, Amadou K.S. Camara2, David F. Stowe2,
Zeljko J. Bosnjak2, Daniel A. Beard1, and Ranjan K. Dash1.
1Physiology, 2Anesthesiology, Medical College of Wisconsin, Milwaukee, WI
Modulation of mitochondrial free Ca2þ (m[Ca2þ]) is implicated as one of the
possible upstream factors that initiates anesthetic-mediated cardioprotection
against ischemia-reperfusion (IR) injury. To help unravel the mechanisms by
which volatile anesthetics modulate m[Ca2þ], experiments were conducted to
spectrofluorometrically measure dose-dependent effects of isoflurane (0.5-2 mM)
on the time courses of mitochondrial bioenergetics (NADH redox state, respi-
ration, and DJm) and Ca
2þ uptake into the matrix. Isolated mitochondria from
rat hearts were energized with 10 mM pyruvate/malate (state 2); this was fol-
lowed by sequentially adding isoflurane (0.5 to 2 mM), 0.5 mM CaCl2 (with
1 mM EGTA in the buffer),and 250 mM ADP (state 3). The data showed
that: (a) isoflurane dose-dependently increased m[Ca2þ] in state 2 in spite
of a slight DJm depolarization, (b) isoflurane increased the duration of state
3 respiration as well as the duration of the ADP-induced rise in m[Ca2þ],
and (c) isoflurane decreased state 3 NADH oxidation (i.e., increased NADH
level compared to control). These data indicate the possible roles of isoflurane
(1) to modulate m[Ca2þ] by directly activating the Ca2þ uniporter, independent
of DJm, (2) to decrease the rate of ADP phosphorylation while prolonging
the duration of state 3 respiration (possibly by inhibiting complex I), and (3)
to prolong the duration of ADP-induced increase in m[Ca2þ] response during
state 3 because of reduced electron flux and slower ADP phosphorylation.
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Assesment of an Oxidant-Based Strategy to Target Cancer Cells
Tetyana I. Zhelay, Shadi Zahedi, David R. Giovannucci.
Many cancer cell lines concentrate vitamin C, and in combination with vitamin
K3 generate a redox-cycling that induces over-production of ROS, thus this
treatment provides an oxidant challenge to cancer cells that spares non-cancer
cells (Verrax et al, 2009). Because mitochondria are targets of oxidative dam-
age by ROS, Vit K3/C treatment was predicted to induce mitochondrial dys-
function, subsequent Ca2þ homeostasis dysregulation and cell death.
However, effectiveness of this treatment for breast and neuroendocrine cancer
cell lines has not been investigated. Thus, we compared mitochondrial function,
Ca2þ dynamics and cell viability prior to and following Vit K3/C treatment in
human neuroendocrine and breast cancer cell lines. Ca2þ-, cm- and ROS-sen-
sitive dyes were used to measure mitochondrial mass, energy state and changes
Ca2þ dynamics. This study indicated that mitochondrial membrane potential
was reduced in both carcinoid and breast cancer cell lines after VitK3/C treat-
ment. Mitochondrial superoxide levels were significantly increased only in
breast cancer cell lines after VitK3/C treatment and were correlated with cell
death. In contrast, mitochondrial dysregulation was more effective at altering
Ca2þ signaling in neuroendocrine than in breast cancer cell lines. Treatment
with Vit K3/C significantly reduced Ca2þ entry and diminished the frequency
and maintenance of Ca2þ oscillations. Although Vit K3/C treatment was found
to be generally toxic to both breast and neuroendocrine cancer cell lines, it was
less effective at inducing cell death in neuroendocrine cancer cells. Thus, these
data indicate that the oxidative treatment regimen may not be universally effec-
tive for all types of cancers. Moreover, the mechanism of toxicity appears to be
associated with a direct oxidant challenge to mitochondria. Further study will
determine if this treatment approach alone or in combination with other thera-
pies will be a useful strategy to combat cancer in patients.
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Abnormal Sodium Handling and Mitochondrial Metabolism in Cardiac
Dystrophy
Eva Pola´kova´, Natalia Shirokova.
Lack of dystrophin in striated muscle results in the activation of several stretch-
induced transplasmalemmal ion influx pathways. Recently we demonstrated
that mechanical challenges produce substantial inward currents in dystrophic
(mdx) but not in WT cardiomyocytes. We also detected a significant increase
in cytosolic [Naþ] following stretch in mdx cells. We suggested that beat-to-
beat mechanical activity of dystrophic heart might lead to accumulation of
Naþ inside the cardiomyocytes (Naþ overload). Here we measured resting[Naþ]i in mdx and WT cells using the ratiometric Na
þ indicator SBFI. The av-
eraged value of [Naþ]i was indeed significantly greater in mdx than in WT my-
ocytes (24.2 5 3.1, n=13 vs. 14.0 5 1.7 mM, n=9). Naþ overload can have
a profound effect on cellular functions. E.g. it can change the reversal potential
of NCXsl, reducing its ability to remove Ca
2þ. This is in agreement with our
recent report that the reverse mode of NCXsl contributes to cytosolic Ca
2þ
overload following mechanical stress, despite little change in the resting poten-
tial. Elevated [Naþ]i can also eventually affect mitochondrial metabolism as it
could enhance Ca2þ extrusion from the mitochondria via NCXmt. Therefore we
measured NADH autofluorescence. Maximal oxidation of NADH by FCCP/oli-
gomycin was taken as 0% reduced NADH, whereas maximal reduction by ro-
tenone and b-hydroxy-butyrate was defined as 100% reduced NADH. The
averaged values show that mitochondrial matrix is significantly more oxidized
in resting mdx myocytes compared with WT cells (35%53.1, n=27 vs. 535
5.2 %, NADH reduction n=10). The oxidation of mitochondrial matrix can con-
tribute to the cellular oxidative stress and favor the opening of mPTP and cell
death -observations that we previously reported for dystrophic cardiomyocytes.
Taken together, our findings suggest that elevated [Naþ]i may contribute to the
development of dystrophic cardiomyopathy.
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Nadph Oxidase-Stimulated Mitochondrial Radical Release Contributes
to Arrhythmic Toxicity of Cardiac Glycosides by Redox Modification
of Ryanodine Receptor
Hsiang-Ting Ho, Sarah C. Stevens, Radmila Terentyeva, Dmitry Terentyev,
Sandor Gyorke.
The therapeutic utility of cardiac glycosides (CGs), agents commonly used in
treating heart failure (HF), is limited by arrhythmic toxicity. The adverse ef-
fects of CGs have been attributed to excessive accumulation of intracellular
Ca resulting from inhibition of Naþ/Kþ-ATPase ion transport activity. How-
ever, CGs are also known to increase intracellular reactive oxygen species
(ROS), which could contribute to arrhythmogenesis through redox modification
of cardiac ryanodine receptors (RyR2s). Here we sought to determine whether
modification of RyR2s by ROS contributes to CG-dependent arrhythmogenesis
and define the relevant signaling pathways. In isolated rat ventricular myocytes,
the CG, digitoxin (DGT), increased the incidents of arrhythmogenic spontane-
ous Ca waves, decreased the sarcoplasmic reticulum (SR) Ca load, and in-
creased both ROS and RyR2 thiol oxidation. Additionally, pretreatment with
DGT increased spark frequency for a given SR Ca load in permeabilized my-
ocytes. These effects on Ca waves and sparks were prevented by the antioxidant
2-mercaptopropionylglycine. The CG-dependent increases in ROS, RyR2 oxi-
dation and arrhythmogenic propensity were prevented by inhibition of NADPH
oxidase and of mitochondrial ATP-dependent Kþ channels but not by inhibi-
tion of xanthine oxidase. Additionally, the frequency of DGT-dependent Ca
waves was blunted by inhibition of the upstream of NADPH oxidase intracel-
lular ROS signaling components: Src kinase, PI3K, and PKC. These results
suggest that the arrhythmogenic adverse effects of CGs involve alterations in
RyR2 function caused by oxidative changes in the channel structure by ROS.
The CG-dependent increase in ROS may be mediated by stimulation of
NADPH oxidase, via Src kinase and PI3K activation, resulting in mitochondrial
radical release.
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Actions of the NAADP Antagonist Trans-Ned19 in Cardiac Ventricular
Myocytes
Laura Elson, Grant Churchill, Derek A. Terrar, Stevan Rakovic.
Nicotinic acid adenine dinucleotide phosphate (NAADP) is a substance that
promotes calcium release from acidic intracellular calcium stores and exerts ef-
fects on calcium transients and contractions in guinea-pig ventricular myo-
cytes. A structural analogue of NAADP, termed NED19, acts as an
antagonist of NAADP in cell homogenates from sea-urchin eggs. The aim of
the present study was to investigate actions of NED19 (using the trans optical
isomer) on ventricular myocytes isolated from guinea-pig hearts.
Trans-NED19 (1 mM, 5 min exposure) was without significant effect on L-type
calcium currents over the range 30 to þ60 mV (switched voltage-clamp, step
depolarizations from 40 mV). The acetoxymethylester of NAADP (NAADP-
AM) was applied to ventricular myocytes with the aim of allowing permeation
of NAADP-AM across the cell membrane followed by accumulation of cyto-
solic NAADP after de-esterification of NAADP-AM by intracellular esterases.
NAADP-AM (60 nM) increased myocyte contraction by approximately 40%
(n=10, field stimulation at 1 Hz). This effect of NAADP-AMwas no longer ob-
served in myocytes exposed to trans-NED19 (1 mM), consistent with an antag-
onist effect of trans-NED19 preventing the effects of cytosolic NAADP.
Exposure of myocytes to trans-NED19 (1 mM) alone significantly reduced con-
traction by 17þ/- 4%, a reduction which is similar to the 20þ/- 4% previously
82a Sunday, March 6, 2011found when myocytes were exposed to bafilomycin A1 (1 mM, presumed to
act on intracellular acidic stores). Calcium transients measured using Fluo-5F
were also reduced by trans-NED19 (1 mM) and these effects were inhibited
by pre-exposure of the myocytes to bafilomycin A1. These observations are
consistent with effects of NAADP on myocyte contraction under these condi-
tions, that can be prevented either by interference with the function of acidic
stores by bafilomycin A1 or by antagonism of the effects of NAADP by
trans-NED19.
441-Pos Board B241
Morphological Alterations in the Cerebellar Granule Cell Layer of Mice
Lacking Calretinin
Don Patrick Bischop, Ce´line Roussel, Serge Schiffmann, David Gall.
Calcium binding proteins, such as calretinin, are abundantly expressed in dis-
tinctive patterns in the central nervous system, but their physiological functions
remain poorly understood. Calretinin is expressed in cerebellar granule cells
and calretinin deficient mice suffer from alterations in motor coordination. Us-
ing confocal microscopy, we demonstrate that calretinin deficient mice exhibit
a significantly decreased density of granule cells at the level of the cerebellar
cortex. Moreover, it has been shown that migration of granule cells is tighly as-
sociated with intracellular calcium fluctuations. Therefore, we hypothesize that
the perturbation of the calcium dynamics in calretinin deficient mice may be the
cause of the observed morphological alterations. To test this assumption, we are
currently developping two strategies.First, using confocal microscopy and
cerebellar microexplant cultures, we are studying calcium transients occuring
during granule cell migration in wild type and calretinin knock-out mice. On
the other hand, we are developping a dedicated computational model for
[Ca2þ]i transients that takes into account calcium fluxes through the plasma
and ER membrane. This model will shed light on the possible mechanism
responsible for the modulation by calretinin of calcium dynamics during
granule cell migration.
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Role of Ca 2þ/Hþ Exchange and Disturbance of Oxidative Phosphorilation
in Glutamate-Induced Delayed CalciumDeregulation in Cultured Neurons
Vsevolod G. Pinelis, Alexander M. Surin, Leo S. Khiroug,
Irina A. Krasilnikova, Sergej V. Rozhnev, Boris I. Khodorov.
Prolonged application of toxic doses of glutamate (Glu) to neurons, resulting in
their death, induces a biphasic Ca2þ response, of which the second phase
termed delayed calcium deregulation (DCD) is not fully understood. Using
fluorescence microscopy, we monitored cytosolic Ca2þ concentration
([Ca2þ]i), mitochondrial membrane potential (Vm) and pH (pHm), cytosolic
pH (pHc) and NAD(P)H in cultured rat hippocampal and cerebellar granule
neurons. Glu (0.1mMþGly-Mg) caused a rapid drop in pHc and a smaller de-
crease in pHm. Oligomycin (Oligo), applied in the presence of Glu prior to
DCD, increased Vm and NAD(P)H but did not affect the pH gradient between
mitochondria and cytosol. When cyanide was applied in the presence of Glu
and Oligo, we observed a rapid increase in [Ca2þ]i, drop in Vm, and simulta-
neous changes in pHm and pHc in opposite directions. Similar changes in
[Ca2þ]i, Vm, and pH were observed during DCD, except of NAD(P)H became
insensitive to Oligo indicating to oxidative phosophorylation uncoupling.
PLA2 inhibition increased the period of DCD onset indicating to free fatty
acids as possible uncoupling agents. We suppose that DCD is due in part to
Ca2þ release from mitochondria and can be formally classified as Ca2þ/Hþ ex-
change. Such exchange acts as a positive feedback loop because Hþ influx to
mitochondria promotes dissociation of Ca2þ-phosphate complexes and leads
to further Ca2þ release into cytosol. Oxidative phosophorylation uncoupling re-
sults in ATP deficiency for ion pumps making worse Ca2þ extrusion and acting
as aggravating factor. Supported by RFBR.
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Requirement of Caspase-3 for Apoptotic Calcium Release
Askar M. Akimzhanov, Darren Boehning.
Calcium is known to be an important second messenger in regulation of various
physiological processes including execution of programmed cell death. Cal-
cium release from endoplasmic reticulum (ER) triggers activation of multiple
pro-apoptotic factors resulting in apoptosis progression and, ultimately, cell
death. Apoptotic calcium release from ER stores is mediated by inositol
1,4,5-trisphosphate receptor (IP3R) channels. Different models have confirmed
the importance of IP3R channels in modulation of apoptosis, however many de-
tails of IP3R-dependent calcium release still remain enigmatic. Previously, we
have demonstrated that calcium release from IP3R channels in response to ap-
optotic stimuli occurs in two temporally distinct phases. A rapid oscillatory cy-
tosolic calcium release during initiation of apoptotic signaling is followed by
delayed and sustained increase in calcium levels associated with persistent
opening of IP3R channels. Here we show that early elevations in cytosoliccalcium do not require caspase-3 activity. Using MCF-7 cells deficient in
caspase-3, we detected robust increase in calcium levels in response to stauro-
sporine treatment indicating that calcium release during initiation of apoptosis
occurs independently of caspase-3. To further determine contribution of cas-
pase-3 in regulation of calcium release we generated a MCF-7 cell line stably
expressing pro-caspase-3. Additionally, we used TAT-based transducing pep-
tide to deliver active recombinant caspase-3 directly into living MCF-7 cells.
Utilizing both methodologies, we found that caspase-3 has a marginal effect
on the early events leading to cytosolic calcium elevations and irreversible
commitment to apoptotic cell death. These results suggest that caspase-3 medi-
ated truncation of IP3R channels is a consequence, not causative, of apoptotic
signaling events.
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Validating a Model of Nitric Oxide-Ca2þ Crosstalk in Cardiac Myocytes
Renata Polanowska-Grabowska, Sa Ra Park, Jeffrey J. Saucerman.
Recently, we have developed a mathematical model of activation of constitu-
tive nitric oxide synthase (NOS)-cGMP signaling pathway and its crosstalk
with the excitation-contraction coupling in rat cardiac myocytes. This model
describes a dynamic regulation of intracellular nitric oxide ([NO]i) formation
by changes in intracellular calcium [Ca2þ]i signals. In particular, a key predic-
tion of the model is that the formation of NO is sensitive to the frequency and
magnitude of [Ca2þ]i signaling. To validate these predictions, we tested exper-
imentally correlations between increases in pacing frequency and the level of
intracellular [Ca2þ]i and formation of [NO]i in neonatal rat cardiac myocytes
which were loaded with membrane permeable fluorescent indicators DAF-
FM and Fluo-4, respectively. As predicted by the model, increasing pacing fre-
quency from 0.5 Hz to 2.0 Hz enhanced diastolic [Ca2þ]i and [NO]i formation.
NO production was markedly blocked by eliminating the extracellular Ca2þ
with 2 mM EGTA or by increasing Ca2þ buffering with BAPTA-AM
or by treatment with non-specific NOS inhibitor, NG-monomethyl-L-arginine
(L-NMMA), confirming that pacing-frequency-dependent NO synthesis was
Ca2þ and NOS dependent. Several of our model simulations compared the
effects of cytosolic vs. dyadic Ca2þ signals in NOS signaling, predicting
that cytosolic Ca2þ signals may be sufficient to initiate NOS activation. Using
the computational model, we found that reduction of extracellular sodium
[Naþ]0 from 137 mM to 70 mM under condition of inhibited SR would induce
a Ca2þsignal with magnitude similar to pacing-induced cytosolic Ca2þ signals.
This occurs due to influx of Ca2þ through the Naþ/Ca2þ exchanger. Experi-
mental testing of this new protocol confirmed a broad, slow Naþ-depletion-in-
duced Ca2þ signal. The Naþ depletion protocol was sufficient to enhance NO
synthesis similar to 0.5 Hz pacing. These results confirm the model prediction
that cytosolic Ca2þ signals regulate NOS activity in cardiac myocytes.
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Cross-Talk Between Acidic Compartments and the Endoplasmic Reticu-
lum Ca2þ Store Triggered by Ca2þ Release via Two-Pore Segment Chan-
nels
Oluseye A. Ogunbayo, Yingmin Zhu, Ejaife Agbani, A. Mark Evans,
Michael X. Zhu.
Recent studies have revealed the importance of two-pore segment channels
(TPCs) in mediating NAADP-evoked Ca2þ release from acidic organelles.
This Ca2þ signal initiated from the acidic stores can recruit additional Ca2þ re-
lease from endoplasmic reticulum (ER) via Ca2þ-induced Ca2þ release (CICR).
Both humans and mice express two TPCs, TPC1 and TPC2 whereas many other
vertebrates express also TPC3. We have shown that each TPC subtype may be
targeted to different acidic organelles, with TPC1 predominantly localized to
a subpopulation of endosomes while TPC2 almost exclusively expressed in ly-
sosomes. Consistent with these expression patterns and the fact that endosomes
are smaller and less clustered than lysosomes, TPC1, when overexpressed in
HEK293 cells, mediated Ca2þ release in response to 10 nM NAADP that
was spatially restricted in nature and did not trigger global Ca2þ transient.
However, application of 10 nM NAADP in cells overexpressing TPC2 evoked
a biphasic Ca2þ response with a pacemaking phase followed by a large second-
ary and global Ca2þ transient. The responses to NAADP in both TPC1 and
TPC2 expressing cells were abolished upon depletion of acidic Ca2þ stores
with bafilomycin. By contrast, Ca2þ transients evoked in TPC2-, but not
TPC1-, expressing cells were attenuated by prior depletion of ER Ca2þ stores
with thapsigargin. Therefore, only TPC2 appears to couple to the ER by CICR.
Interestingly, the expression of chicken and rabbit TPC3 in HEK293 cells
yielded distinct subcellular localizations and functional data are consistent
with differential organelle targeting. Our data suggest that cross-talk between
acidic stores and ER is governed by the capacity of local Ca2þ signals from
acidic Ca2þ stores to summate, and in a manner that may determine whether
the threshold for CICR from ER is breached.
